Background: physical activity is recommended for people living with dementia, but evidence for the positive effects of physical activity is limited by the use of heterogeneous outcomes and measurement tools. This systematic literature review aimed to summarise previously reported outcomes and identify the measurement tools used most frequently in physical activity interventions for people with dementia. Methods: literature searches were conducted in April 2015, on Delphis and Medline. Qualitative, quantitative and mixed methods studies reporting on any type of physical activity, in any setting, across types of dementia, stages of disease progression and published from 2005 onwards were included. A content analysis approach was used to report on the frequency of reported outcomes and measurement tools. Results: the 130 included studies reported on 133 different outcome domains and 267 different measurement tools. 'Functional abilities and independence' (n = 69), 'Global cognitive function' (n = 65), 'Balance' (n = 43), 'Global behavioural symptoms of dementia' (n = 42) and 'Health-related quality of life' (n = 40) were the most frequently reported outcome domains. 'Enjoyment' was the outcome most frequently sought by patients and carers.
Conclusion: the need for the development and implementation of a Core Outcome Set has been reinforced. Ahead of the completion of the Core Outcome Set, researchers and clinicians are advised to measure the impact of physical activity interventions on these frequently reported outcome domains.
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Background
Dementia is predicted to affect 42.3 million people worldwide by 2020 [1] . Physical activity is defined by The World Health Organisation as 'any body movement produced by skeletal muscles that requires energy expenditure', including therefore not only formal exercise but also any activity involving body movement. Physical activity is recommended for people with dementia by several international agencies [2] [3] [4] [5] , as there is promising evidence of its benefits. However, the use of heterogeneous outcomes leads to a need for caution in the interpretation of these results [3] . Two recent literature reviews [3, 6] reported important limitations in their statistical analyses due to a lack of consistent use of measurement tools. This heterogeneity adds to an already diverse area of research, as physical activity is a broad concept, and interventions tend to vary in type of activity, intensity, setting, type of dementia and stage of disease progression. The use of inconsistent outcomes and measurement tools hinders the effective synthesis of evidence [7] making it difficult to compare interventions and therefore delaying the development of clear clinical guidelines.
The development of Core Outcome Sets has been suggested as a solution to this heterogeneity. A Core Outcome Set is an agreed minimum collection of outcomes to be used as standard in a particular pathological condition or type of intervention [8] [9] [10] [11] [12] . The use of Core Outcome Sets allows direct comparison of the effects of different interventions, minimising the risk of outcome reporting bias and increasing the power of meta-analysis [9, 12, 13] , from which clearer clinical guidance can be generated [14] .
The present systematic literature review is the first phase of the development of a Core Outcome Set, to evaluate physical activity interventions for people with any type of dementia, across stages of disease progression and in different settings. This review aims to (i) list all the outcomes reported in physical activity research in the last 10 years and (ii) identify the most frequently reported measurement tools for each of the identified outcomes.
Methods
A systematic literature review was conducted. The review protocol is available on request.
Registration
The overall Core Outcome Set is registered with the Core Outcome Measures in Effectiveness Trial initiative, available at: http://www.comet-initiative.org/studies/details/708? result=true.
Eligibility criteria

Design
Any study design describing a physical activity intervention, or exploring patients', relatives', carers' or professionals' views on physical activity was included. Study protocols, pilot or feasibility studies were also included. Literature reviews were not included, but their reference lists were screened and considered according to the eligibility criteria. Single experimental case studies, surveys, cross-sectional studies or studies not published in a peer-reviewed journal were excluded.
Study participants
Studies including people with any type of dementia, at any stage of disease progression, formal and informal carers and/or health care professionals working with people with dementia were included. Interventions including only carers of people with dementia were excluded.
Intervention
Interventions with at least one component of physical activity, in any setting, were included. Qualitative studies exploring participants' views on physical activity were also included.
Comparators
Having a comparator or control group was not a requirement for inclusion; when available, outcomes used as comparators were considered for data analysis.
Language and date of publication
Studies written in English, Portuguese and Spanish published from 1 January 2005 onwards were included.
Information sources
The search strategy was developed with the advice of a health sciences librarian. The searches were initially conducted in Delphis, a single interface integrating the providers: Medline, Psycinfo, CINAHL, Web of Science, Scopus and ScienceDirect. To ensure literature saturation, a subheading search was then performed on Medline-the database that had generated the greatest number or records in the Delphis search.
Search strategy
A full detail of the search strategy can be found in Supplementary data, Appendix 1 Table 1 , available in Age and Ageing online, available from the journal website.
Selection criteria
The selection process (screening and eligibility) was completed by one researcher; other authors were consulted in cases of uncertainty. To guarantee consistency, a random sample of 10% of abstracts were independently screened by a second author.
Risk of bias
The quality of included papers was assessed using the Mixed Methods Assessment tool-version 2011 [15] . This tool was designed for the appraisal of studies included in complex, mixed studies reviews. For the purpose of this review, the quality of the included studies was used purely as an indicator of the quality of the evidence in the field, not as an exclusion criterion and it did not influence data analysis.
Data collection process
A pre-developed standardised form was used, to extract the following data: paradigm and study design; country; stage of disease progression; intervention outcomes and measurement tools. Outcomes were defined as any effect (positive or negative) of physical activity, which had been measured or described as a result of a physical activity intervention. Outcomes were identified from the methods, results and discussion sections of the included papers. To avoid double counting of outcomes, multiple publications of the same study were analysed as one (i.e. protocol and pilot of the same study).
Data analysis
NVivo (NVivo qualitative data analysis Software; QSR International Pty Ltd. Version 10, 2014) was used for data management.
From verbatim outcomes to outcome domains
Content analysis [16] was used to quantify the number of studies referencing each outcome domain. Firstly, outcomes were extracted verbatim. One author, with clinical experience in promoting physical activity in dementia care, grouped verbatim outcomes with the same semantic meaning, into outcome domains. For instance, the verbatim outcomes 'Functional independence', 'Ability to develop basic activities of daily living' and 'Functional performance' were grouped into the outcome domain 'Functional abilities and independence'. The total number of studies allocated to each outcome domain was then counted.
From outcome domains to themes
Four authors individually organised the outcome domains into broader themes. Any discrepancies were resolved through group discussion until full consensus was achieved. For instance, the outcome domains 'Keep fit and active', 'Levels of physical activity' and 'Levels of restricted physical activity' were listed under the theme: 'Levels of physical activity'.
Supplementary data, Appendix 1 Table 3 , available in Age and Ageing online aids transparency by presenting all verbatim outcomes, their groupings into outcome domains and organisation into themes. The analysis and presentation of results followed the guidance provided by the PRISMA statement [17] , with the necessary adaptations for a mixed studies review.
Results
The searches were conducted in April 2015. The PRISMA flowchart is presented in Figure 1 . A total of 4868 records were identified, from which 130 studies were included in the final analysis.
Study selection
The screening of 10% of the abstract by a second author revealed good consistency in the use of the eligibility criteria. Of the 500 abstracts screened by both authors, 468 were screened equally by both authors. Of the remaining 32 abstracts, 15 were not considered clear enough by one of the authors and the full texts were considered to make a decision; 17 were screened contradictorily by both authorsnine would have been only included by the first author and eight only by the second author. Measurement of agreement using Cohen's kappa was 0.69. Disagreements were resolved through consensus and the eligibility criteria were reviewed to ensure clarity.
Study characteristics
The 130 included studies were conducted in 22 countries; 113 studies used quantitative methods, nine qualitative and eight used mixed methods. The overall quality of the studies was considered good (Mixed Methods Assessment tool average score: 65%). Supplementary data, Appendix 1 Table 10 , available in Age and Ageing online presents the quality assessment of each of the included papers. Most interventions took place in the community (n = 70) or in institutional settings (n = 43). Studies including only people with severe dementia (n = 5) were all performed in nursing homes. A large number of interventions were multimodal or complex interventions (n = 60) and were delivered in groups (n = 62). Table 1 presents further details on the description of the interventions, settings and participants from the included studies.
Outcomes reporting positive effects of physical activity for people with dementia A total of 133 positive outcome domains, organised into 17 themes, and measured by 267 different measurement tools were identified. A considerable number of outcome domains (36 out of 133) were reported only once. Each study incorporated an average 9.49 different outcome domains. Table 2 lists the themes, outcome domains and the most frequently used measurement tool per domain. Due to space restrictions, only the two most frequently reported outcome domains per theme are listed in Table 2 . The complete table, including the all the 133 positive outcome domains and the three most frequently used measurement tools per outcome domain, can be found in Supplementary data, Appendix 1 Table 2 , available in Age and Ageing online.
The most frequently reported outcome domains were 'Functional abilities and independence' (n = 69), 'Global cognitive function' (n = 65), 'Balance' (n = 43), 'Global behavioural symptoms of dementia' (n = 42) and 'Healthrelated quality of life (n = 40)'. In qualitative studies, 'Enjoyment' was the outcome most frequently reported by patients and carers (n = 22). Outcomes such as 'Mobility', 'Health-related quality of life', all outcome domains under the themes 'Social interaction' and 'Carer outcomes' were not reported in patients with severe dementia. Outcomes such as 'Fatigue management' and 'Sense of normality' have been identified as important by patients in qualitative studies, but never objectively measured. Other outcomes, such as 'Balance', although frequently measured (n = 43), were identified by only one carer in qualitative studies.
Most frequently reported measurement tools
The most frequently reported measurement tools in the included studies were Mini-Mental State Examination as a measure of 'Global cognitive function' (used in 43 of the 65 studies reporting on this domain); the Berg Balance Scale, as a measure of 'Balance' (15 of the 43 studies) and the Timed Up And Go as an assessment of 'Mobility' (14 out of 23 studies). Conversely, some measurement tools, such as the Timed Up And Go, were used to measure multiple outcome domains (in this instance 'Ability to conduct movements rightly', 'Motor skills', 'Functional gait', 'Mobility' and 'Falls risk'). See Table 2 Outcomes reporting negative effects (or adverse/ side effects) of physical activity for people with dementia A total of 31 adverse effects were reported. 'Falls during the activity' was the most common (n = 15). Most studies (n = 82) did not mention the occurrence of adverse effects. Negative outcomes, or adverse effects are also detailed in Supplementary data, Appendix 1 Table 9 , available in Age and Ageing online.
Discussion
The present systematic literature review is the first phase in the development of a Core Outcome Set to assess physical activity interventions for people living with dementia. It identified 133 outcome domains, measured by 267 different measurement tools. Ahead of the establishment of the Core Outcome Set, this review provides valuable information for researchers designing studies investigating physical activity interventions for people with dementia. Researchers may choose to focus either on the most frequently reported outcomes and measurement tools, enabling the comparison of novel interventions against the current evidence, or explore outcomes where research is still lacking. Functional abilities and independence (n = 69) was frequently measured by the Barthel Index (n = 12) and the Timed Up And Go (n = 12). This outcome domain was reported in all stages of dementia and by all stakeholder groups (patients and carers, health professionals and researchers). A recent Cochrane review highlighted the positive influence of physical activity on this outcome domain [3] . The available international guidance also directs professionals to promote independence in people with dementia through physical activity [2] [3] [4] .
Global cognitive function (n = 65) was most commonly measured by the Mini-Mental State Examination (n = 43), but with inconclusive results. Researchers have hypothesised that [102] Not specified (n = 1) [40] n is the number of studies (note that some studies were described in multiple publications and therefore the multiple reference can be linked to the same study).
physical activity improves cognition, through physiological mechanisms, such as an increase in blood supply to the brain, synaptogenesis and reduced inflammation [157] , nevertheless some uncertainty remains about the impact of physical activity on cognition. A recent Cochrane review was inconclusive in supporting this hypothesis, due to the important heterogeneity of the included studies [3] . Qualitative studies reporting the perspectives of patients also reflect uncertainly about the impact on cognition, with some patients report that they have been able to 'think more deeply' [129] as a result of physical activity, whilst others reported no changes in this domain [53] . Balance (n = 43), measured using Berg Balance Scale in 15 studies, was linked to a reduction in the risk of falling in 12 studies [25, 29, 34, 46, 60, 64, 69, 85, 103, 109, 111, 117] . This is important due to the well-known health and economic burden of falls in older people [158] . Nevertheless, 'Balance' and 'Falls risk' are often 'researcher led' outcome domains; only one qualitative study (with carers) [34] identified 'Balance', and none reported a reduction in 'Falls risk' as desirable outcomes. Examples of outcomes reported by participants as meaningful include 'Sense of self ', 'Social interaction', 'Fatigue management' and 'Enjoyment'. These outcomes are yet to be objectively measured in quantitative studies.
Global behavioural symptoms of dementia (n = 42) was measured using the Neuropsychiatric Inventory in 13 studies. Recent literature has correlated the presence of behavioural symptoms with quality of life in people with dementia [159, 160] , carer burden [161] and perceived reasons for institutionalisation [162] . The presence of these symptoms was also linked to an increased risk of psychotropic medication misuse [163] , hence, the importance of managing behavioural symptoms through non-pharmacological interventions, such as physical activity [164] . However, a recent Cochrane review found limited evidence for the effectiveness of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Table 2 P&C, patients and carers; HP, health professionals; R, researchers; NA, not applicable, used when the outcome domain was not objectively measured; 'Study Specific Questionnaire/Survey' refers to data collection tools designed specifically for a particular study.
physical activity in this domain [3] , with some of the included studies showing conflicting results or positive results not maintained post-intervention. Future studies using this outcome should report the duration of the impact on these symptoms.
Health-related quality of life (n = 40), most frequently measured using the Quality of Life in Alzheimer's Disease Questionnaire (n = 19), concurs with the guidance given by the National Institute for Health and Care Excellence on promoting activities that people living with dementia enjoy [2] . Better quality of life can also be linked to a decrease in depression, also prevalent among people living with dementia [165] . The availability of measures of quality of life suitable for completion by a proxy may also account for its common use in research.
Outcomes where research is lacking
Very little is known regarding effects of physical activity for people with severe dementia. Research is lacking in relation to multiple settings and numerous outcome domains, namely 'Mobility', 'Health-related quality of life', 'Social interaction' and all the outcome domains related to carers. Carer-related outcomes deserve particular attention in future research due to the known correlation between severity of cognitive impairment and carer burden [161] .
Heterogeneous measurement tools
In line with previous literature reviews [3, 6] , substantial heterogeneity was identified in the use of measurement tools. It is important to emphasise that whilst 'the three most commonly used measurement tools' per outcome domain were identified, the psychometric properties of the instruments were not considered. The most appropriate measurement tools for each of the outcomes included in the Core Outcome Set will be determined in the final phase of its development.
Limitations
Several limitations need to be acknowledged. Due to limited time and resources, language filters (English, Portuguese and Spanish) were added to the initial searches. The inclusion of papers written in three different languages implies that a large proportion of the available literature would have been screened. Yet, the number of papers missed due to the use of the language filter is unknown. The data analysis process was conducted by a single researcher. Whilst it is possible that other researchers would have defined the outcome domains differently, this risk was minimised by presenting Supplementary data, Appendix 1, available in Age and Ageing online, to ensure transparency of the process.
Conclusion
Research into physical activity for people living with dementia is common and necessary. However, the considerable heterogeneity in the outcomes sought and the tools used hinders the development of definitive clinical guidance, reinforcing the need for a Core Outcome Set. The present systematic literature review not only forms the first phase of development of a Core Outcome Set but also offers useful information for interventions being currently designed. 'Functional abilities and independence' is the outcome domain (i) most frequently reported across stages of dementia; (ii) most frequently shown to improve; and (iii) reported as important by patients and carers as well as health professionals and researchers. Thus, clinicians and researchers are encouraged to continue to evaluate this outcome domain when developing physical activity interventions for people with dementia. Other frequently reported outcomes are 'Global cognitive function', 'Balance', 'Global behavioural symptoms of dementia' and 'Health-related quality of life', but the evidence of benefit is less conclusive in these domains.
Key points
• Research into physical activity for people with dementia is heterogeneous, limiting guidance to practice.
• This literature review summarises the outcomes and measurement tools used in the past 10 years of research.
• Clinicians and researchers are encouraged to continue to assess the impact of physical activity on Functional independence.
• Researchers should prefer measurement tools frequently used in previous research-these tools can be found in this review.
• The effects of physical activity in people with severe dementia are under-researched.
Supplementary data
Supplementary data mentioned in the text are available to subscribers in Age and Ageing online.
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